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0 Integrated-clrcult card with a low power consumption mode, 

0 A semiconductor integrated-circuit card including 
a microprocessor having an active mode of opera- 
tion capable of processing data and a low power 
consumption mode of operation disabled from pro- 
cessing data, the microprocessor being operative to 
(1) establish the low power consumption mode of 
operation in the IC card when the microprocessor is 
initially activated to start operation, (2) make a shift 
from the low power consumption mode of operation 
to the active mode of operation responsive to an 
interrupt signal from an external signal source, and 
(3) make a shift from the active mode ol operation 
back to the low power consumption mode of opera- 
tion upon termination of the data processing in the 
active mode of operation. 
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INTEGRATED-CIRCUIT CARD 



FIELD OF THE INVENTION 



The present invention relates to an integrated- 
circuit card used to exchange information with an 
external data processing system. 



BACKGROUND OF THE INVENTION 



A semiconductor integrated-circuit card 
(hereinafter referred to simply as IC card) is a data 
carrier device in the form of a card having a 
microprocessor unit . and an on-chip or off-chip 
integrated-circuit data storage memory provided on 
a printed circuit board on a sheet substrate. 

With a view to expanding the range of applica- 
tions of IC cards, there is a demand for a portable 
IC card data processing system. Attempts are thus 
made to realize a miniaturized IC card data pro- 
cessing system having a built-in power supply im- 
plemented by a battery. One of the most important 
requirements of an IC card card data processing 
system of this type is to minimize the consumption 
of the power supplied from the system to the IC 
card so as to extend the service life of the battery 
incorporated in the system. A prolonged service life 
would be achievable by a battery of an increased 
capacity. This kind of approach to increasing the 
service life of a built-in power supply source is 
however not unconditionally acceptable because of 
the exacting space and weight requirements of a 
miniaturized IC card data processing system. The 
power consumption of an IC card could be signifi- 
cantly reduced if the microprocessor unit and data 
storage memory incorporated in an IC card are 
formed by CMOS (complementary metal-oxide- 
semiconductor) devices featuring low power dis- 
sipation. Tremendous amounts of time and cost will 
however be required for the development of a new 
integrated circuit of such CMOS configuration. 

SUMMARY OF THE INVENTION 



It is. accordingly, an important object of the 
present invention to provide an improved IC card 
which features low power consumption and which 
can be realized without drastic modification made 
to the existing device configuration of the micropro- 
cessor unit and data storage memory incorporated 
in the card. 

It is another important object of the present 



invention to provide an improved IC card which is 
advantageous when used with an IC card data 
processing system of the type having a built-in 
power supply source. 
5 It is still another important object of the present 

invention to provide an improved IC card which is 
particularly useful with a miniaturized IC card data 
processing system of the portable type. 

In accordance with the present invention, there 
to is provided a semiconductor IC card including a 
data processing means having an active mode of 
operation capable of processing data and a low 
power consumption mode of operation disabled 
from processing data, the data processing means 
75 comprising a) first mode shift means responsive to 
activation of the data processing means for estab- 
lishing the low power consumption mode of opera- 
tion in the IC card when the data processing means 
is initially activated to start operation, b) second 
20 mode shift means responsive to an interrupt signal 
from an external signal source for making a shift 
from the low power consumption mode of operation 
to the active mode of operation and enabling the 
data processing means to process data, and c) 
25 third mode shift means for making a shift from the 
active mode of operation back to the low power 
consumption mode of operation upon termination 
of the data processing in the active mode of opera- 
tion. 

30 In accordance with another outstanding aspect 

of the present invention, there is provided a semi- 
conductor integrated-circuit card including a data 
processing means having an active mode of opera- 
tion capable of processing data and a low power 
35 consumption mode of operation disabled from pro- 
cessing data and memory means having a data 
read cycle and a data write cycle, the data pro- 
cessing means comprising a) data write control 
means for generating a write enable signal to en- 
*o able the memory means to operate in a data write 
cycle during the active mode of operation of the IC 
card, b) first mode shift means responsive to the 
write enable signal for making a shift from the 
active mode of operation to the low power con- 
45 sumption mode of operation after the write enable 
signal is transmitted to the memory means, and c) 
second mode shift means for making a shift from 
the low power consumption mode of operation 
back to the active mode of operation upon termina- 
so tion of the data write cycle in the memory means. 
In an integrated-circuit card according to this sec- 
ond outstanding aspect of the present invention, 
the first mode shift means may be arranged to be 
responsive to an interrupt signal from an external 
signal source for making a shift from the low power 
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consumption mode of operation to the active mode 
of operation and enabling the data processing 
means to process data. In this instance, the data 
processing means further comprises d) control 
means for making the second mode shift means 
irresponsive to the interrupt signal during a data 
write cycle of the memory means. In this type of 
integrated-circuit card according to the second out- 
standing aspect of the present invention, the con- 
trol means may comprise an interrupt signal input 
port through which to receive the interrupt signal 
from the external signal source, means for de- 
activating the interrupt signal input port during a 
data write cycle of the memory means, and means 
for activating the interrupt signal input terminal on 
termination of a data write cycle of the memory 
means. 

In accordance with still another outstanding as- 
pect of the present invention, there is provided a 
semiconductor integrated-circuit card including a 
data processing means having an active mode of 
operation capable of processing data and a low 
power consumption mode of operation disabled 
from processing data and memory means having a 
data read cycle and a data write cycle, the data 
processing means comprising a) first mode shift 
means responsive to activation of the data process- 
ing means for establishing the low power consump- 
tion mode of operation in the IC card when the data 
processing means is initially activated to start op- 
eration, b) second mode shift means responsive to 
an interrupt signal from an external signal source 
for making a shift from the low power consumption 
mode of operation to the active mode of operation 
and enabling the data processing means to pro- 
cess data, c) third mode shift means for making a 
shift from the active mode of operation back to the 
low power consumption mode of operation upon 
termination of the data processing in the active 
mode of operation, and d) control means for mak- 
ing the third mode shift means irresponsive to the 
interrupt signal during a data write cycle of the 
memory means. In this integrated-circuit card ac- 
cording to the third outstanding aspect of the 
present invention, the control means may comprise 
an interrupt signal input port through which to re- 
ceive the interrupt signal from the external signal 
source, means for deactivating the interrupt signal 
input port during a data write cycle of the memory 
means, and means for activating the interrupt sig- 
nal input terminal on termination of a data write 
cycle of the memory means. 

In accordance with still another outstanding as- 
pect of the present invention, there is provided a 
semiconductor integrated-circuit card including a 
data processing means having an active mode of 
operation capable of processing data and a low 
power consumption mode of operation disabled 



from processing data, the data processing means 
comprising a) first mode shift means responsive to 
a first control signal for making a shift from the 
active mode of operation to the low power con- 

s sumption mode of operation, and b) second mode 
shift means responsive to a second control signal 
for making a shift from the low power consumption 
mode of operation to the active mode of operation. 
In this instance, the data processing means may 

to further comprise means for generating each of the 
first and second control signals each in response to 
a signal generated in and supplied from an external 
source or each of the first and second control 
signals may be generated in and supplied from an 

/5 external source. 



BRIEF DESCRIPTION OF THE DRAWINGS 

20 

The drawbacks of a prior-art IC card and the 
features and advantages of an IC card according to 
the present invention will be more clearly under- 
stood from the following description taken in con- 
25 junction with the accompanying drawings in which: 
Fig. 1 is a diagram showing the basic mode 
of operation of an ordinary IC card of the type to 
which the present invention generally appertains; 
Fig. 2 is a timechart showing waveforms and 
30 events which may appear when the IC card is 
loaded into a data transmitter/receiver system; 

Fig. 3 is a block diagram schematically 
showing the general arrangement in which the 
microprocessor unit and the data storage memory 
35 forming part of an IC card to which the present 
invention generally appertains are coupled with an 
IC card data processing or data transmitter/receiver 
system; 

Fig. 4 is a flowchart showing the main rou- 
40 tine program predominant over the operation of the 
microprocessor unit incorporated in a first preferred 
embodiment of an IC card according to the present 
invention; 

Fig. 5 is a flowchart showing the details of 
45 the sleeping mode shift subroutine program in- 
cluded in the main routine program illustrated in 
Fig. 4; 

Fig. 6 is a flowchart showing the details of 
active mode shift subroutine program also included 
so in the main routine program illustrated in Fig. 4; 

Fig. 7 is a timechart showing the various 
events which may occur during a cycle of commu- 
nication carried out between the first preferred em- 
bodiment of an IC card according to the present 
55 invention and the data transmitter/receiver system 
to which the IC card is coupled; 

Fig. 8 is a flowchart showing the details of 
the response-to-command subroutine program fur- 
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ther included in the main routine program illus- 
trated in Fig. 4: 

Fig. 9 is a flowchart showing the details of 
the data storage subroutine program included in 
the response-to-command subroutine program il- 
lustrated in Fig. 8; 

Fig. 10 is a timechart showing the 
waveforms of the signals which may appear in the 
microprocessor unit of the IC card embodying the 
present invention during data write cycle of the 
data storage memory incorporated in the IC card: 

Figs. 1 1 A and 11B are flowcharts showing 
the main routine program predominant over the 
operation of the microprocessor unit incorporated 
in a first preferred embodiment of an IC card 
according to the present invention; 

Fig. 12 is a flowchart showing the. details of 
the command processing/hardware reset select 
subroutine program included in the main routine 
program illustrated in Figs. 11 A and 11B; 

Fig. 13 is a flowchart showing steps addition- 
ally included in the standby mode shift subroutine 
program also included in the main routine program 
illustrated in Figs. 1 1 A and 1 1 B; and 

Fig. 14 is a timechart showing the various 
events which may occur during a cycle of commu- 
nication carried out between the second preferred 
embodiment of an IC card according to the present 
invention and the data transmitter/receiver system 
to which the IC card is coupled. 

DESCRIPTION OF THE PRIOR ART 



Description will now be made in regard to the 
basic mode of operation which an ordinary IC card 
performs with an IC card data processing system 
(hereinafter referred to as data transmitter/receiver 
system). The data transmitter/receiver system with 
which an IC card according to the present invention 
is to be used is typically implemented by a hand- 
held computer which is also called handy terminal. 

When an iC card is loaded into a data 
transmitter/receiver system, the microprocessor 
unit incorporated in the IC card is reset and there- 
after the IC card receives an initial command from 
the data transmitter/receiver system as indicated 
by steps A01 and A02 in Fig. 1. On receipt of the 
command from the data transmitter/receiver sys- 
tem, the microprocessor unit provided in the IC 
card checks the command for any error as at step 
A03 and. when it is determined that the command 
received is free from error, the microprocessor unit 
executes at step A04 a series of command pro- 
cessing jobs responsive to the command and at 
step A05 transmits to the data transmitter/receiver 
system the data resulting from the command pro- 



cessing. If it is detected that any error has oc- 
curred during transmission of the command from 
the data transmitter/receiver system to the IC card 
or it is found at step A03 that any error is present 

5 m the command received by the IC card, the 
microprocessor unit in the IC card sends an error 
message to the data transmitter/receiver system as 
at step A06. Responsive to the data transferred 
from the IC card at step A05 or to the error 

>o message sent from the IC card at step A06. the 
data transmitter/receiver system may supply an- 
other command or send the initial command for a 
second time to the IC card. 

Fig. 2 is a timechart showing waveforms and 

is events which may appear after the IC card is 
initially loaded into the data transmitter/receiver 
system. With the IC card thus coupled to the data 
transmitter/receiver system, a predetermined sup- 
ply voltage V cc and a train of clock pulses CLK are 

20 supplied to the IC card through the power supply 
and clock input terminals, respectively, of the card 
as at time to- Subsequently at time ti. the IC card 
receives from the data transmitter/receiver system 
a reset signal RSTwhich enables the microproces- 

25 sor unit in the IC card to execute a hardware 
subroutine program Bo to reset and initialize the 
various active devices incorporated in the micro- 
processor unit. Upon termination of the execution 
of the hardware reset subroutine program Bo. the 

30 microprocessor unit in the IC card starts to execute 
a subroutine program Bi as at time t2 to send 
answer-to-reset information "ATR" from its data 
output port to inform the data transmitter/receiver 
system that the IC card is ready to receive com- 

35 mand and data from the data transmitter/receiver 
system. 

After the transmission of the answer-to-reset 
information "ATR" to the data transmitter/receiver 
system is complete as at time ta. the microproces- 

■w sor unit in the IC card holds a wait state B2 to await 
receiving of a serial command/data signal CD 
which is to be subsequently output from the data 
transmitter/receiver system. On receipt of the 
command/data signal CD as at time u. the micro- 

45 processor unit in the IC card starts to execute a 
command processing routine program Bj to check 
the command for any error and. in the absence 
detected of an error in the command received, 
perform a series of jobs required by the command. 

50 Upon lapse of a certain period of time B* after the 
execution of the command processing subroutine 
program B3 is complete as at time ts. the micro- 
processor unit in the IC card starts execution of a 
data transmission subroutine program Bs as at time 

55 U to transmit to the data transmitter/receiver sys- 
tem the data resulting from the command process- 
ing. The IC card which has thus transferred data to 
the data transmitter/receiver system then holds a 
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wait state until another command/data signal is 
output from the data transmitter/receiver system. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



Referring to Fig. 3. an IC card 20 to which the 
present invention appertains comprises a semicon- 
ductor microprocessor unit 22 (MPU) and a data 
storage memory 24. The data storage memory 24 
is implemented by any non-volatile semiconductor 
integrated-circuit memory such as typically an 
electrically erasable/programmable read-only mem- 
ory (EEPROM,. The memory 24 is herein shown as 
being of the off-chip type but. if desired, may be of 
the on-chip type fabricated on the semiconductor 
chip on which the microprocessor unit is formed. 
The microprocessor unit 22 and data storage mem- 
ory 24 are coupled together through an address 
bus 26, a data bus 28 and a control line 30. 

The IC card 20 has contacts which are shown 
comprising a supply voltage input contact C» 
through which to receive a predetermined supply 
voltage V cc , and a ground contact C2 for connec- 
tion to ground potential V„. Each of these supply 
voltage input contact Ci and ground contact C2 is 
connected to each of the microprocessor unit 22 
and data storage memory 24. The contacts pro- 
vided on the IC card 20 further comprises a clock 
input contact C3 through which to receive clock 
pulses CLK, a reset contact C* through which to 
receive a reset signal RST to reset and initialize 
the microprocessor unit 22, a data input/output 
contact Cs through which to receive or transmit 
data or to receive an interrupt request signal " IRQ 
" from the data transmitter/receiver system 40. The 
data input/output contact Cs is thus connected to a 
data output port TX, a data input port RX. and an 
interrupt request signal input port IRQ of the micro- 
processor unit 22 as shown. The interrupt request 
signal input port flTOTof the microprocessor unit 22 
is activated or de-activated by means of the micro- 
processor unit 22 of the IC card 20 and. when 
activated, allows generation of an interrupt to the 
microprocessor unit 22 in response to an active-low 
interrupt request signal " of low level 

from the data transmitter/receiver system 40. 

Furthermore, the interrupt request signal input 
port IRQ of the microprocessor unit 22 is con- 
nected through an inverter 32 to an interrupt dis- 
able signal output port RDY/ B5Y~of the data stor- 
age memory 24 so that a request for interrupt to 
the microprocessor unit 22 is not accepted when 
data is being loaded into the memory 24 during 
data write cycle of the microprocessor unit 22. as 
will be described in mode detail. During write cycle 



of the data storage memory 24, an active-low inter- 
rupt request signal output port RDY/ BSY of low 
level "L" is output from the memory 24 and is 
inverted by the inverter 32. A potential of high level 
5 "H" is thus applied to the interrupt request signal 
input port IRQ of the microprocessor unit 22 and so 
that the microprocessor unit 22 is prohibited from 
granting an interrupt through the port IRQ . 

The microprocessor unit 22 has incorporated 
w therein a read-only memory 33 (ROM) storing a 
program predominant over the operation of the 
microprocessor unit 22 and a random-access 
memory 34 (RAM) for temporarily storing the data 
input to or to be output from the microprocessor 
75 unit 22 and the data generated in the microproces- 
sor unit 22. The microprocessor unit 22 used in the 
IC card to which the present invention appertains 
is. by way of example, assumed to be imple- 
mented by a product of the HD6301 series com- 
20 mercially available from Hitachi, Limited or an 
equivalent thereof. 

The IC card 20 is adapted for use with a data 
transmitter/receiver system 40 which is herein as- 
sumed to be of the portable type. The data 
25 transmitter/receiver system 40 largely comprises a 
computer module such as a personal computer 42 
(PC) and an interlace (IF) device 44 having termi- 
nals which are to be connected to the contacts C\ 
to Cs. respectively, of the IC card 20 when the IC 
30 card 20 is coupled to the data transmitter/receiver 
system 40 as shown. In this data 
transmitter/receiver system 40 is exchangeably in- 
corporated a built-in d.c. power supply source 46 
which is typically implemented by a battery. The 
35 interface device 44 of the data transmitter/receiver 
system 40 herein shown may be one of a plurality 
of terminal units controlled by a central host com- 
puter system and. thus, the personal computer 42 
may be implemented by such a central host corn- 
ea puter system. Alternatively, the data 
transmitter/receiver system 40 may consist of an 
integral system including the computer and inter- 
face devices as part of the system. 

Description will be hereinafter made with refer- 
45 ence to Figs. 4 to 10 in regard to the general mode 
of operation of a first preferred embodiment of an 
IC card according to the present invention. 

Fig. 4 is a flowchart showing the main routine 
program predominant over the basic mode of op- 
50 eration which the IC card 20 embodying the 
present invention performs with the data 
transmitter/receiver system 40. 

The execution of the main routine program is 
started when the IC card 20 is loaded into the data 
55 transmitter/receiver system 40 and the contacts Ci 
to C5 of the former are electrically coupled to the 
respectively corresponding ones of the interface 
device 44 of the latter. Thus, a predetermined 
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supply voltage is supplied from the data 
transmitter/receiver system 40 to the supply volt- 
age input contact Ci of the IC card 20 and is fed to 
each of the microprocessor unit 22 and data stor- 
age memory 24 of the IC card 20 and. in addition, 
the ground contact C2 of the IC card 20 is coupled 
to the corresponding terminal of the data 
transmitter/receiver system 40 so that a ground 
potential V„ is established at the ground port of 
each of the microprocessor unit 22 and data stor- 
age memory 24 of the IC card 20. Further supplied 
from the data transmitter/receiver system 40 are a 
train of clock pulses CLK which is applied through 
the clock input contact C 3 of the IC card 20 to the 
corresponding port of the microprocessor unit 22 
and a reset signal RST which is applied through 
the reset contact C* of the IC card 20 to the 
corresponding port of the microprocessor unit 22. 

The microprocessor unit 22 in receipt of the 
reset signal EJTTexecutes hardware reset subrou- 
tine program Si 1 to initializes the various active 
devices incorporated in the microprocessor unit 22. 
Upon termination of the execution of the hardware 
reset subroutine program Si t. the microprocessor 
unit 22 of the IC card 20 proceeds to answer-to- 
reset "ATR* information transmit subroutine pro- 
gram S12 to output an answer-to-reset information 
"ATR" from its data output port TX. The answer-to- 
reset information "ATR" is sent through the 
input/output contact Cs of the IC card 20 to the 
data transmitter/receiver system 40 to inform the 
data transmitter/receiver system 40 that the IC card 
20 is now ready to receive command and data 
from the data transmitter/receiver system 40. 

After the status information "ATR" is thus 
transmitted to the data transmitter/receiver system 
40, the microprocessor unit 22 in the IC card 20 
executes sleeping mode shift subroutine program 
S13 to establish an inactive or "sleeping" mode of 
operation in the microprocessor unit 22 of the IC 
card 20. When the sleeping mode of operation is 
established in the microprocessor unit 22. the 
microprocessor unit 22 per se is held inoperative 
with the contents of the registers retained therein 
and with some of the peripheral devices such as 
the timers and serial communication interface de- 
vice allowed to continue their operations. Details of 
such a sleeping mode of operation of the micropro- 
cessor unit 22 are disclosed in. for example, 
Hitachi Limited. "Hitachi Microprocessor Data Book 
(8-Bit Single-Chip)", pages 358/390, February 
1985. As discussed in this publication, the power 
dissipation of a microprocessor in the sleeping 
mode of operation is reduced to approximately one 
fifth of the power dissipation in a normal state. 

When the sleeping mode of operation is estab- 
lished in the microprocessor unit 22, the micropro- 
cessor unit 22 is inactivated and is disabled from 



processing data and is accordingly enabled to save 
consumption of power significantly. Thus, the 
sleeping mode of operation of the IC card 20 
provides a low power consumption state in the first 

5 preferred embodiment of the present invention and 
is distinguished from a normal data processing or 
"active" mode of operation of the microprocessor 
unit 22. The details of the sleeping mode shift 
subroutine program S13 are shown in Fig. 5. 

to In the sleeping mode shift subroutine program 

Si 3 shown in Fig. 5. the microprocessor unit 22 of 
,the IC card 20 proceeds to step S131 to unmask or 
activate the interrupt request signal input port fTO 
of the microprocessor unit 22. The microprocessor 

J5 unit 22 is thus made ready to grant an interrupt 
responsive to an interrupt request signal " IRQ " of 
low level "L" which may be supplied from the data 
transmitter/receiver system 40. It may be herein 
noted that the interrupt request signal input port 

to fTO~of the microprocessor unit 22 is de-activated 
and accordingly a request for interrupt to the 
microprocessor unit 22 is rejected during sleeping 
mode of operation if a data write cycle is enabled 
in the data storage memory 24 of the IC card 20 as 

25 will be described in mode detail. The step S131 is 
followed step Si 32 to make a shift from the active 
mode to the sleeping mode of operation in the IC 
card, whereupon the microprocessor unit 22 re- 
turns to the main routine program illustrated in Fig. 

30 4. 

After the sleeping mode of operation is thus 
established in the IC card 20. the microprocessor 
unit 22 waits for the interrupt request signal " IRQ 
" of low level "L" from the data transmitter/receiver 

35 system 40 and, when it is detected at step S14 that 
such an interrupt request signal " IRQ " is received 
at the interrupt request signal input port IRQ there- 
of, the microprocessor unit 22 proceeds to active 
mode shiftback subroutine program S15 to restore 

40 the active or normal data processing mode of op- 
eration in the IC card 20 and is enabled to process 
the data input to or to be output from the micropro- 
cessor unit 22. The details of the active mode 
shiftback subroutine program S15 are shown in Fig. 

45 6. 

When the active mode of operation is restored 
in the IC card 20. the microprocessor unit 22 first 
proceeds to step S151 shown in fig. 6 to mask or 
de-activate the interrupt request signal input port 

50 fRCTthereof. The interrupt request signal input port 
iRD"of the microprocessor unit 22 being thus de- 
activated, generation of an interrupt to the micro- 
processor unit through the port IRQ is prohibited. 
Subsequently, the microprocessor unit 22 of the IC 

55 card 20 proceeds to step S152 to update the 
content of the stack pointer (not shown) to a value 
indicating the address of the subroutine program 
which is to be executed when the microprocessor 
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unit 22 returns to the main routine program upon 
termination of the active mode shiftback subroutine 
program S15. The step Si 52 is followed by step 
S153 at which the microprocessor unit 22 updates 
the content of the program counter {not shown) and 
places therein the address assigned to the com- 
mand input subroutine program (S161) to be de- 
scribed. Having updated the content of the pro- 
gram counter, the microprocessor unit 22 returns to 
the main routine program illustrated in Fig. 4. 

After the active or norma! data processing 
mode of operation is thus restored in the IC card 
20 through execution of the subroutine program 
S15 as hereinbefore described, the microprocessor 
unit 22 of the IC card 20 proceeds to response-to- 
command subroutine program S16 on receipt of a 
serial command/data signal CD supplied from the 
data transmitter/receiver system 40 through the 
data input/output contact C« of the IC card 20. The 
serial command/data signal C/D thus supplied from 
the data transmitter/receiver system 40 is assumed 
to have a data length consisting of a single byte or 
a plurality of bytes. The details of the response-to- 
command subroutine program S16 will be 
hereinafter described with reference to Fig. 8. 

Having processed the command/data signal 
CD through execution of the response-to-com- 
mand subroutine program Si 6. the microprocessor 
unit 22 in the IC card 20 proceeds to another 
sleeping mode shift subroutine program S17 to 
make a shift from the active mode to the sleeping 
mode of operation in the IC card 20 and is disabled 
from processing data for a second time. From the 
subroutine program S17, the microprocessor unit 
22 of the IC card reverts to step Si 4 and, when it 
is detected at this step S14 that another interrupt 
request signal " IRQ " of low level "L" is received 
from the data transmitter/receiver system 40, the 
microprocessor unit 22 executes the subroutine 
programs S15. S16 and S14 as hereinbefore de- 
scribed. After the sleeping mode shift subroutine 
program S17 is thus executed for a second time, 
the microprocessor unit 22 of the IC card 20 will 
repeat a loop consisting of the step $14 and sub- 
routine programs S15. S16 and S17 each time it is 
detected at step S14 that the interrupt request 
signal " IRQ " of low level "L" is received from the 
data transmitter/receiver system 40. 

The active and sleeping modes of operation 
are in this fashion established alternately in the IC 
card 20 in response to the command/data signal 
C/D which may be successively supplied from the 
data transmitter/receiver system 40 to the IC card 
20. 

Fig. 7 is a timecharl showing the various 
events which may occur during a cycle of commu- 
nication carried out between the microprocessor 
unit 22 of the tC card 20 embodying the present 



invention and the computer 42 and interface device 
44 of the data transmitter/receiver system 40. 

Referring to the timechart of Fig. 7. a first 
command/data signal C/D(1) may be output from 
5 the computer 42 in the data transmitter/receiver 
system 40 at time Too. After the first 
command/data signal CD(t) is output from the 
computer 42. the potential at the input/output (I/O) 
terminal of the interface device 44 of the data 

io transmitter/receiver system 40 is swung to low lev- 
el "L" at time T C i. In response to the potential of 
low level "L" thus applied to the interrupt request 
signal input port IRQ of the microprocessor unit 22. 
a first shift is made from the sleeping mode to the 

75 active mode of operation in the IC card 20 at time 
T 0 , through execution of the active mode shiftback 
subroutine program Si 5 (Fig. 6). The first 
command/data signal CD(1) output from the com- 
puter 42 in the data transmitterreceiver system 40 

20 at time Tec is then supplied from the interface 
device 44 of the data transmitter/receiver system 
40 to the data input/output contact Cs of the IC 
card 20 and is received by the microprocessor unit 
22 of the IC card 20 through the data input port RX 

25 of the microprocessor unit 22 as at time T C 2- The 
microprocessor unit 22 then processes the 
command/data signal CD(1) thus received to check 
the command for any error and. when the com- 
mand processing is complete at time T 0 3. the 

30 microprocessor unit 22 starts to transmit to the 
data transmitter/receiver system 40 the data result- 
ing from the command processing through the data 
output port TX of the microprocessor unit 22 and 
the data input/output contact Cs of the IC card 20. 

35 The data thus transmitted from the micropro- 

cessor unit 22 of the IC card 20 is received by the 
interface device 44 of the data transmitter/receiver 
system 40 at time T 0 * and is latched for some time 
in the interface device 44, whereupon the interface 

40 device 44 starts to transfer the data to the com- 
puter 42 of the data transmitter/receiver system 40 
as at time T 0 s. The computer 42 in receipt of the 
data relayed from the interface device 44 starts to 
process the input data as at time T 0 g. 

45 On completion of the processing of the input 

data as at time T T0 . a first cycle of communication 
between the IC card 20 and data 
transmitter/receiver system 40 is terminated and. 
accordingly, the computer 42 of the data 

so transmitter/receiver system 40 may output a sec- 
ond command/data signal CD{2) to start a second 
cycle of communication with the IC card 20. At an 
incipient stage of the second cycle of communica- 
tion between the IC card 20 and data 

55 transmitter/receiver system 40. events similar to 
those which occurred at time TOot and time T 0 ? 
will occur in connection with the second 
command/data signal C/D(2) at time T- 1 and time 
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T*:. respectively. Thereupon, the microprocessor 
unit 22 of the IC card 20 processes the second 
command/data signal C/D(2) and transmits to the 
data transmitter/receiver system 40 the data result- 
ing from the command processing and. thus, the 
computer 42 of the data transmitter/receiver sys- 
tem 40 process the received data as in the first 
cycle of communication between the IC card 20 
and data transmitter/receiver system 40. 

After the microprocessor unit 22 of the IC card 
20 sent out the data to the data transmitter/receiver 
system 40 at time T 0 * during the first cycle of 
communication between the IC card 20 and data 
transmitter/receiver system 40. a first shift is made 
from the active mode to the sleeping mode of 
operation in the IC card 20 through execution of 
the sleeping mode shiftback subroutine program 
S13 (Fig. 5). The sleeping mode of operation being 
thus established in the IC card 20. the micropro- 
cessor unit 22 of the IC card 20 is disabled from 
processing data so that the consumption of power 
in the IC card 20 is saved significantly. The inter- 
rupt request signal input port IRQ of the micropro- 
cessor unit 22 is now unmasked or activated so 
that the microprocessor unit 22 is ready to grant an 
interrupt responsive to an interrupt request signal " 
ITO"" of low level T" which may be supplied from 
the data transmitter/receiver system 40. The micro- 
processor unit 22 of the IC card maintains the 
sleeping mode of operation while the data sent out 
from the microprocessor unit 22 during the first 
cycle of communication is being processed by 
means of the computer 42 and interface device 44 
of the data transmitter/receiver system 40. Toward 
the end of the first cycle of communication, the 
potential at the input/output (I/O) terminal of the 
interface device 44 of the data transmitter/receiver 
system 40 is swung to low level "L H at time Ti 0 . A 
second shift is made from the sleeping mode to 
the active mode of operation in the IC card 20 at 
time T M with the result that the microprocessor 
unit 22 of the IC card 20 is for a second time 
enabled to process another command/data signal 
which may be transmitted from the data 
transmitter/receiver system 40. 

Fig. 8 is a flowchart showing the details of the 
response-to-command subroutine program S16 in- 
cluded in the main routine program hereinbefore 
described with reference to in Fig. 4. 

The response-to-command subroutine program 
S16 is executed on receipt of a serial 
command/data signal CD supplied from the data 
transmitter/receiver system 40 after the active or 
normal data processing mode of operation is re- 
stored in the IC card 20 through execution of the 
subroutine program S15 as hereinbefore described 
with reference to Fig. 4. Responsive to the 
command/data signal C/D received at step S161, 



. the microprocessor unit 22 of the IC card 20 
checks at step S162 if any error has occurred 
during transmission of the signal C/D received. If it 
is determined at this step S162 that there has been 

5 no error caused during transmission of the signal 
CD received, the microprocessor unit 22 proceeds 
to step Si 63 to check the signal C/D and at subse- 
quent step S164 detects if any error is involved in 
the command/data signal CD received. If it is 

w found at this step $164 that the signal C/D received 
is free from error, the microprocessor unit 22 pro- 
ceeds to command processing subroutine program 
S165 to execute a series of command processing 
jobs responsive to the command/data signal CD 

/5 received and at subsequent step S166 transmits to 
the data transmitter/receiver system 40 the data 
resulting from the command processing jobs. Hav- 
ing transmitted the data to the data 
transmitter/receiver system 40. the microprocessor 

20 unit 22 of the IC card 20 reverts to the main routine 
program illustrated in Fig. 4 and may proceed to 
the sleeping mode shift subroutine program S17 as 
previously described. 

If it is detected at step Si 62 that any error has 

25 occurred during transmission of the command/data 
signal CD from the data transmitter/receiver sys- 
tem 40 to the IC card 22 or at step S164 that there 
is an error present in the signal CD received, the 
microprocessor unit 22 then proceeds to step S167 

3c to output an error message indicative of the pres- 
ence of an error in the signal C/D received. Subse- 
quently to step S167, the microprocessor unit 22 
proceeds to the step S166 to transmit the error 
message to the data transmitter/receiver system 40 

as to request the data transmitter/receiver system 40 
to output a correct command/data signal. After 
transmission of the error signal to the data 
transmitter/receiver system 40, the microprocessor 
unit 22 of the IC card 20 also reverts to the main 

40 routine program illustrated in Fig. 4 and may pro- 
ceed to the sleeping mode shift subroutine pro- 
gram S17. 

The command processing jobs to be per- 
formed at the subroutine program SI 65 may in- 

45 elude those for storing into the data storage mem- 
ory 24 of the IC card 20 the data generated re- 
sponsive to the comm.and/data signal C/D received 
from the data transmitter/receiver system 40. Fig. 9 
shows the details of the data storage subroutine 

so program to perform such jobs and Fig. 10 shows 
the waveforms of the signals which may appear in 
the microprocessor unit 22 of the IC card 20 during 
data write cycle of the data storage memory 24. 
When data is generated in response to the 

55 command/data signal CD received from the data 
transmitter/receiver system 40, the microprocessor 
unit 22 of the IC card 20 proceeds to step S1641 to 
transmit to the data storage memory 24 a write 
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enable signal WE through the control line 30 as at 
time WTi in Fig. 10 and the data and address 
information through the address and data buses 26 
and 28. respectively. After the loading of the data 
into the data storage memory 24 is complete at 
time WT 2 , the microprocessor unit 22 executes 
sleeping mode shift subroutine program S1642 to 
establish a sleeping mode of operation in the IC 
card 20. The data loaded into the data storage 
memory 24 at step S1641 is stored into the mem- 
ory 24 after the sleeping mode of operation is 
established in the IC card 20 through execution of 
the subroutine program S1642 as will be seen from 
Fig. 10. 

After the sleeping mode of operation is estab- 
lished in the IC card 20 at time WT 2 . the micropro- 
cessor unit 22 awaits the interrupt request signal " 
of low level "L" from the data storage 
memory 24. When it is detected at decision step 
S1643 that such an interrupt request signal " IRQ " 
is received at the interrupt request signal input port 
fTO~thereof. the microprocessor unit 22 proceeds 
to active mode shiftback subroutine program Si 644 
to restore the active or normal data processing 
mode of operation in the IC card 20 as at time WT 3 
and is enabled to process the data input to or to be 
output from the microprocessor unit 22. The sleep- 
ing mode shift subroutine program S1642, decision 
step $1643 and active mode shiftback subroutine 
program S1644 are identical with the subroutine 
program S13. step S14 and subroutine program 
SIS. respectively, included in the main routine pro- 
gram described with reference to Fig. 4. 

Throughout the data write cycle (from time 
WT 2 to time WT 3 ) of the data storage memory 24, 
there is an interrupt request signal of low level "L" 
output from the interrupt request signal output port 
ROY/ BSY of the data storage memory 24. The 
interrupt request signal of low level "L" is inverted 
by the inverter 32 so that a potential of high level 
"H" appears at the interrupt signal input port IRQ 
of the microprocessor unit 22. The microprocessor 
unit 22 is thus prohibited from generating an inter- 
rupt through the interrupt signal input port fTO 
thereof when data is being loaded into the memory 
24. When the storage of the data into the data 
storage memory 24 is complete the interrupt re- 
quest signal at the interrupt request signal output 
port RDY/ BSY of the data storage memory 24 is 
swung to high level "H" at time WT3 as shown in 
Fig. 10. This interrupt request signal of high level 
"H" is inverted by the inverter 32 so that a poten- 
tial of low level "L" appears at the interrupt signal 
input port IRQ of the microprocessor unit 22. The 
microprocessor unit 22 is thus enabled to grant an 
interrupt through the interrupt signal input port IRQ 
when it is detected at step S1643 that an interrupt 
request signal " IRQ " of low level "L" is received 



from the data storage memory 24. 

Figs. 1 1 A and 11 B are flowcharts showing the 
main routine program predominant over the basic 
mode of operation which a second preferred em- 

5 bodiment of an IC card according to the present 
invention performs with a data transmitter/receiver 
system. The second preferred embodiment of an 
IC card according to the present invention is also 
assumed to be constructed basically as herein- 

10 before described with reference to Fig. 3 and to 
cooperate with the data transmitter/receiver system 
40 shown in Fig. 3. 

The execution of the main routine program is 
also started when the IC card 20 is loaded into the 

15 data transmitter/receiver system 40 and the con- 
tacts Ci to Cs of the former are electrically coupled 
to the respectively corresponding ones of the inter- 
face device 44 of the latter. Referring to Fig. 11 A, 
the computer 42 of the data transmitter/receiver 

20 system 40 then proceeds to step IFOi to supply a 
predetermined supply voltage V cc to the IC card 20 
through the supply voltage input contact C^ of the 
IC card 20 and a ground potential V„ through the 
ground contact Cz of the IC card 20. At step IF01. 

25 the computer 42 of the data transmitter/receiver 
system 40 further supplies to the IC card 20 a train 
of clock pulses CLK through the clock input contact 
Ca of the IC card 20 and a reset signal RST 
through the reset contact C4 of the IC card 20. 

30 In response to the reset signal RST thus sup- 

plied through the, reset contact C* of the IC card 
20, the microprocessor unit 22 of the IC card 20 
executes a command processing/ hardware reset 
select subroutine program $21. In this command 

35 processing/hardware reset select subroutine pro- 
gram $21. the microprocessor unit 22 first pro- 
ceeds to step S211 shown in Fig. 12 to check if a 
bit "STBY PWR" is of a logic "1" value. The bit 
"STBY PWR" of logic "1" value indicates that the 

40 supply voltage had been received by the IC 
card 20 before the reset signal RST was input to 
the microprocessor unit 22 of the IC card 20. If the 
bit "STBY PWR" is found at step $211 to be of 
logic "1 " value and accordingly the answer for the 

45 step S211 is given in the affirmative "YES", the 
microprocessor unit 22 proceeds to step S212 to 
make a decision to jump over to a response-to- 
command subroutine program. On the other hand, 
if the bit "STBY PWR" is found to be of logic "0" 

so value and accordingly the answer for the step S21 1 
is given in the negative "NO", then the micropro- 
cessor unit 22 proceeds to step S213 to make a 
decision to execute a hardware reset subroutine 
program S22 to initializes the various active de- 

55 vices incorporated in the microprocessor unit 22. 

At an incipient stage after the IC card. 20 has 
been loaded into the data transmitter/receiver sys- 
tem 40. the supply voltage V cc could not be re- 
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ceived by the IC card 20 before the reset signal 
R3T~is input to the microprocessor unit 22 of the 
IC card 20. It is therefore determined at step S21 1 
that the bit "ST BY PWR" is of logic "0" value and 
accordingly the answer for the step S211 is given 
in the affirmative "NO" immediately after the IC 
card 20 is loaded into the data transmitter/receiver 
system 40. Thus. the command 
processing/hardware select subroutine program 
S21 is followed by the hardware reset subroutine 
program S22 to initialize the various active devices 
incorporated in the microprocessor unit 22. Upon 
termination of the hardware reset subroutine pro- 
gram S22. the microprocessor unit 22 of the IC 
card 20 proceeds to answer-to-reset "ATR" in- 
formation transmit subroutine program S23 to out- 
put an answer-to-reset information "ATR" from its 
data output port TX. The answer-to-reset informa- 
tion "ATR" is sent through the input/output contact 
Cs of the IC card 20 to the data transmitter/receiver 
system 40 to inform the data transmitter/receiver 
system 40 that the IC card 20 is now ready to 
receive command and data from the data 
transmitter/receiver system 40. 

After the information "ATR" is thus transmitted 
to the data transmitter/receiver system 40. the 
microprocessor unit 22 in the IC card 20 executes 
standby mode shift subroutine program S24 to 
establish an inactive or "standby" mode of opera- 
tion in the microprocessor unit 22 of the IC card 
20. When the standby mode of operation is estab- 
lished in the microprocessor unit 22. the micropro- 
cessor unit 22 stops ail the clocks and shifts to the 
reset state. Details of this standby mode of opera- 
tion of the microprocessor unit 22 are also dis- 
closed in "Hitachi Microprocessor Data Book {8-Bit 
Single-Chip)", ibid. As discussed in this publication, 
the power dissipation of a microprocessor in the 
standby mode of operation is reduced to the order 
of several microamperes. 

The standby mode of operation is thus essen- 
tially similar to the steeping mode of operation in 
the first preferred embodiment of the present in- 
vention and. when the standby mode of operation 
is established in the microprocessor unit 22. the 
microprocessor unit 22 is de-activated and is dis- 
abled from processing data and is accordingly en- 
abled to save consumption of power significantly. 
Thus, the standby mode of operation of the second 
preferred embodiment of the present invention also 
provides a low power consumption state and is 
distinguished from a normal data processing or 
active mode of operation of the microprocessor unit 
22. The standby mode shift subroutine program 
S24 is similar to the subroutine program Si 3 
hereinbefore described with reference to Fig. 5. 

In the standby mode shift subroutine program 
S24. the microprocessor unit 22 of the IC card 20 



thus unmasks or activates the interrupt request 
signal input port IRQ of the microprocessor unit 22 
and is made ready to grant an interrupt responsive 
to an interrupt request signal " IRQ " of low level 

5 "L" which may be supplied from the data 
transmitter/receiver system 40. As in the sleeping 
mode of operation of the first preferred embodi- 
ment of the present invention, (he interrupt request 
signal input port fRCTof the microprocessor unit 22 

70 is de-activated and accordingly a request for inter- 
rupt to the microprocessor unit 22 is rejected dur- 
ing standby mode of operation if a data write cycle 
is enabled in the data storage memory 24 of the IC 
card 20. After the microprocessor unit 22 of the IC 

T5 card 20 is thus made ready to grant an interrupt, a 
shift is made from the active mode to the standby 
mode of operation in the IC card, whereupon the 
microprocessor unit 22 returns to the main routine 
program illustrated in Fig. 11 A. 

20 After the standby mode of operation is thus 

established in the IC card 20. the microprocessor 
unit 22 waits for the interrupt request signal " FTO 
" of low level "L" from the data transmitter/receiver 
system 40 and. when it is detected that such an 

25 interrupt request signal " IRQ " is received at the 
interrupt request signal input port IRQ thereof, the 
microprocessor unit 22 proceeds to an active mode 
shiftback subroutine program similar to the subrou- 
tine program S15 described with reference to Fig. 

30 6 and. thus, restores the active or normal data 
processing mode of operation in the IC card 20 to 
process the data input to or to be output from the 
microprocessor unit 22. The active mode of opera- 
tion being restored in the IC card 20. the micropro- 

35 cessor unit 22 masks or de-activates the interrupt 
request signal input port IRQ thereof to prohibit 
generation of an interrupt to the microprocessor 
unit through the port IRQ . Subsequently, the 
microprocessor unit 22 updates the content of the 

40 stack pointer (not shown) to a value indicating the 
address of the subroutine program which is to be 
executed when the microprocessor unit 22 returns 
to the main . routine program upon termination of 
the active mode shiftback subroutine program. Fur- 

45 thermore, the microprocessor unit 22 updates the 
content of the program counter (not shown) and 
places therein the address assigned to the com- 
mand input subroutine program to be described. 
During the standby mode of operation, the 

50 microprocessor unit 22 of the IC card 20 sets the 
bit "STBY PWR" to logic "1" value at step S241 
and raises a flag "STBY" of logic "0" value at step 
S242 as shown in Fig. 13. These steps S241 and 
S242 are required for the microprocessor unit 22 to 

55 proceed from the step S21 1 to step S2i2 when the 
command processing/hardware reset select sub- 
routine program S21 (Fig. 12) is executed after the 
active mode of operation is restored. The bit 
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"STBY PWR" and flag "STBY" are supplied from 
the computer 42 of the data transmitter/receiver 
system 40 or are generated under the control of 
the computer 42 of the data transmitter/receiver 
system 40 and. thus, a shift from the active mode 
to the standby mode of operation in the IC card 20 
is made under the direct or indirect control of the 
data transmitter/receiver system 40. 

The answer-to-reset information "ATR" output 
from the data output port TX of the microprocessor 
unit 22 is transmitted from the contact of the IC 
card 20 to the data input/output of the interface 
device 44 of the data transmitter/receiver system 
40. The interface device 44 ol the data 
transmitter/receiver system 40 in receipt of the 
answer-to-reset information "ATR" checks at step 
IF02 if the IC card 20 is in a sound state and at 
step IF03 if there is present a command/data signal 
C/D received from the computer 42. In the pres- 
ence detected of the command/data signal CD 
received from the IC computer 42. the interface 
device 44 of the data transmitter/receiver system 
40 outputs at step IF04 a reset signal RST which 
is transmitted to the microprocessor unit 22 of the 
IC card 20 through the reset contact C4 of the IC 
card 20. Responsive to the reset signal RST thus 
supplied through the reset contact C* of the IC 
card 20, the microprocessor unit 22 of the IC card 
20 makes a shift from the standby mode to the 
active mode of operation. In the active mode of 
operation thus restored, the microprocessor unit 22 
executes a command processing/hardware reset 
select subroutine program S25 shown in Fig. 1 1B. 
The command processing/hardware reset select 
subroutine program S25 is similar to the subroutine 
program S21 described with reference to Fig. 12. 

The bit "STBY PWR" having been set to logic 
-1 * value at step S241 (Fig. 13), it is determined in 
the processing/hardware reset select subroutine 
program S25 that the bit "STBY PWR" is of logic 
"1" value. Thus. the command 
processing/hardware select subroutine program 
S25 is followed by a response-to-command sub- 
routine program S26. The response-to-command 
subroutine program S26 is similar to the subroutine 
program S16 hereinbefore described with reference 
to Fig. 8 and is, thus, executed on receipt of a 
serial command/data signal C/D supplied from the 
data transmitter/receiver system 40 at step IF05 
after the active or normal data processing mode of 
operation is restored in the IC card 20. In the 
response-to-command subroutine program S26, the 
microprocessor unit 22 responsive to the 
command/data signal C/O received from the data 
transmitter/receiver system 40 checks if any error 
has occurred during transmission of the signal C/D 
received. If it is determined that there has been no 
error caused during transmission of the signal C/D 



received, the microprocessor unit 22 detects if any 
error is involved in the command/data signal C/D 
received. If it is found that the signal C/D received 
is free from error, the microprocessor unit 22 ex- 

5 ecutes a series of command processing jobs re- 
sponsive to the command/data signal C/D received 
and thereafter proceeds to step S27 to transmit to 
the data transmitter/receiver system 40 the data 
resulting from the command processing jobs. Hav- 

10 ing transmitted the data to the data 
transmitter/receiver system 40, the microprocessor 
unit 22 of the IC card 20 proceeds to standby 
mode shift subroutine program S28 to establish the 
standby mode of operation for a second time in the 

75 microprocessor unit 22 of the IC card 20 and may 
repeat the series of steps S25. S26. S27 and S28 
as hereinbefore described. 

On receipt of the data from the IC card 20 at 
step IF06. the interface device 44 of the data 

20 transmitter/receiver system 40 relays the data to 
the computer 42 at step IF06 and may thereafter 
repeat the series of step IF03, IF04 and IF05. 

Fig. 14 is a timechart showing the various 
events which may occur during a cycle of commu- 

25 nication carried out between the data 
transmitter/receiver system 40 and the the micro- 
processor unit 22 in the second preferred embodi- 
ment of an IC card according to the present inven- 
tion. 

30 Referring to Fig. 14, a first command/data sig- 

nal C/D(1) may be output from the computer 42 in 
the data transmitter/receiver system 40 at time T 3 o. 
After the first command/data signal CD(1) is output 
from the computer 42, the potential at the reset 

35 terminal of the interface device 44 of the data 
transmitter/receiver system 40 is swung to low lev- 
el "L" at time T 3 i. In response to the potential of 
low level "L" thus applied to the reset port RST of 
the microprocessor unit 22, a first shift is made 

40 from the standby mode to the active mode of 
operation in the IC card 20 at time T31 through 
execution of the active mode shift-back subroutine 
program (Fig. 6). The first command/data signal 
C/D(1) output from the computer 42 in the data 

45 transmitter/receiver system 40 at time T 30 is then 
supplied from the interface device 44 of the data 
transmitter/receiver system 40 to the contact C5 of 
the IC card 20 and is received by the microproces- 
sor unit 22 of the IC card 20 through the data input 

so port RX of the microprocessor unit 22 as at time 
T 32 . The microprocessor unit 22 then processes 
the command/data signal C/D(1) to check the com- 
mand for any error and, when the command pro- 
cessing is complete at time T 33 , the microproces- 

55 sor unit 22 starts to transmit the resultant data to 
the data transmitter/receiver system 40 through the 
data output port TX of the microprocessor unit 22 
and the data input/output contact C* of the IC card 
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20. 

After the data is transmitted from the micropro- 
cessor unit 22 of the IC card 20 and is received by 
the interlace device 44 of the data 
transmitter/receiver system 40 at time T 3 *, the 
microprocessor unit 22 of the IC card 20 sets the 
bit "STBY PWR" to logic n r value (step S241) 
and resets the flag "STBY" of logic "0" value (step 
S242) as at time T 3 s. The data received by the 
interface device 44 of the data transmitter/receiver 
system 40 at time T 3 4 is latched for some time in 
the interface device 44, whereupon the interface 
device 44 starts to transfer the data to the com- 
puter 42 of the data transmitter/receiver system 40 
at time T 3 *. The computer 42 in receipt of the data 
from the interface device 44 starts to process the 
input data as at time T 37 . 

On completion of the processing of the input 
data as at time T« 0 . a first cycle of communication 
between the IC card 20 and data 
transmitter/receiver system 40 is terminated and, 
accordingly, the computer 42 of the data 
transmitter/receiver system 40 may output a sec- 
ond command/data signal C/D(2) to start a second 
cycle of communication with the IC card 20. At an 
incipient stage of the second cycle of communica- 
tion between the IC card 20 and data 
transmitter/receiver system 40. events similar to 
those which occurred at time T 3 , and time T32 will 
occur in connection with the second command/data 
signal C D(2) at time T*j and time T42. respec- 
tively. Thereupon, the microprocessor unit 22 of 
the IC card 20 processes the second 
command/data signal C/D<2) and transmits to the 
data transmitter/receiver system 40 the data result- 
ing from the command processing and. thus, the 
computer 42 of the data transmitter/receiver sys- 
tem 40 process the received data as in the first 
cycle of communication between the IC card 20 
and data transmitter/receiver system 40. 

After the microprocessor unit 22 of the IC card 
20 set the bit "STBY PWR" to logic "1" value and 
reset the flag "STBY" to logic "0" value at time 
T 35 during the first cycle of communication be- 
tween the IC card 20 and data transmitter/receiver 
system 40. a first shift is made from the active 
mode to the standby mode of operation in the IC 
card 20. The interrupt request signal input port fTO 
of the microprocessor unit 22 is now unmasked or 
activated so that the microprocessor unit 22 is 
ready to grant an interrupt responsive to an inter- 
rupt request signal " IRQ " of low level "L" which 
may be supplied from the data transmitter/receiver 
system 40. The microprocessor unit 22 of the IC 
card maintains the standby mode of operation 
while the data sent out from the microprocessor 
unit 22 during the first cycle of communication is 
being processed by means of the computer 42 and 



interlace device 44 of the data transmitter/receiver 
system 40. Toward the end of the first cycle of 
communication, the potential at the reset terminal 
of the interface device 44 of the data 
5 transmitter/receiver system 40 is swung to low lev- 
el "L" at time T^c- A second shift is made from the 
standby mode to the active mode of operation in 
the IC card 20 at time T* , with the result that the 
microprocessor unit 22 of the IC card 20 is for a 

10 second time enabled to process another 
command/data signal which may be transmitted 
from the data transmitter/receiver system 40. 

The command processing jobs to be per- 
formed in the response-to-command subroutine 

15 program S26 as hereinbefore described with refer- 
ence to Fig. 1 1 B may include those for storing into 
the data storage memory 24 of the IC card 20 the 
data generated responsive to the command'data 
signal C/D received from the data 

20 transmitter/receiver system 40. The data storage 
subroutine program to perform such jobs is similar 
to the subroutine program hereinbefore described 
with reference to Fig. 9 and. thus, waveforms simi- 
lar to those shown in Fig. 10 may appear in the 

25 microprocessor unit 22 of the IC card 20 during 
data write cycle of the data storage memory 24. 

While a sleeping or standby mode of operation 
is used to establish a low power consumption state 
in the hereinbefore described preferred embodi- 

30 ments of an IC card according to the present 
invention, a "NOP" or no-operation mode or any 
other inactive mode of operation may be used to 
establish such a state depending on the type and 
design of the semiconductor device used as the 

35 microprocessor unit in the IC card. 

In the second preferred embodiment of an IC 
card according to the present invention, a shift is 
made from the active mode to the standby mode of 
operation responsive to the bit "STBY PWR" of 

40 logic "1" value and the flag "STBY" of logic "0" 
value. These bit "STBY PWR" and flag "STBY" 
may be generated in from the computer 42 of the 
data transmitter /receiver system 40 and supplied to 
the IC card 20 or may be generated in the IC card 

45 20 per se under the control of any control signal 
generated in and supplied from the computer 42 of 
the data transmitter/receiver system 40. 

It has been assumed that the present invention 
is embodied in an IC card for use with a data 

50 transmitter/receiver system of the type incorporat- 
ing a built-in power supply source but it will be 
apparent that the present invention may be applied 
to an IC card for use with a data 
transmitter/receiver system to be powered from an 

55 external source or to an IC card of the type having 
a power supply incorporated in the IC card per se. 
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Claims 



A semiconductor integrated-circuit card includ- 
ing a data processing means having an active 
mode of operation capable of processing data and s 
a low power consumption mode of operation dis- 
abled from processing data, said data processing 
means being characterized by 

a) first mode shift means responsive to ac- 
tivation of said data processing means for estab- >o 
lisning said low power consumption mode of opera- 
tion in the IC card when the data processing means 

is initially activated to start operation, 

b) second mode shift means responsive to 

an interrupt signal from an external signal source is 
for making a shift from said low power consump- 
tion mode of operation to said active mode of 
operation and enabling said data processing means 
to process data, and 

c) third mode shift means for making a shift 20 
from said active mode of operation back to said 

low power consumption mode of operation upon 
termination of the data processing in said active 
mode of operation. 

25 
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